RESUMO Objetivo: A tomografia de coerência óptica (OCT) é um método diagnóstico valioso para estudo da mácula. Entretanto, por se basear na energia luminosa, não pode ser realizada quando existe opacidade de meios. Nesses casos, o ultrassom (US) pode predizer algumas características maculares. Este estudo teve como objetivos caracterizar imagens obtidas por US com transdutores de 10 e 20-MHz comparadas ao OCT, assim como analisar a relação vitreorretiniana em olhos com buraco macular (BM).

Métodos: Vinte e nove olhos de 22 pacientes com evidência biomicroscópica de BM em diferen tes estágios foram incluídos. Todos os pacientes foram avaliados com ultrassonografia utilizando transdutores de 10 e 20-MHz e OCT de domínio espectral.
Resultados: OCT diagnosticou BM em 25 dentre 29 olhos estudados. Os 4 casos não identificados por US eram pseudoburacos decorrentes de membrana epirretiniana. Nos BM estágios I (2 olhos) e II (1 olho), ambos transdutores não foram úteis para analisar o espessamento macular, mas foram identificados sinais sugestivos como irregularidade macular, opérculo ou descolamento parcial do vítreo posterior (DVP). Nos estágios III (14 olhos) e IV (5 olhos), ambos transdutores identificaram irregularidade, dupla corcova e espessamento macular. O US foi capaz de medir a espessura macular e identificar outros indícios de BM, como opérculo, tração vitreorretiniana e DVP. Em pseudoburacos, o US identificou irregularidades no contorno macular e discreta depressão.
Conclusão: US de 10-MHz foi útil para uma avaliação global do corpo vítreo e sua relação à retina. O US de 20-MHz forneceu informações importantes
The advent of spectral domain optical coherence tomography (SD-OCT) has provided new insight into the vitreoretinal interface and readily identifies the presence of macular holes (MH) and other vitreomacular diseases (2, 3) . OCT can be viewed as an optical analog of ultrasound. However, as this technique relies on light energy it can be used only when media (cornea, lens, vitreous) are optically clear. It is also limited to the central fundus (i.e., images are acquired through the pupil), and provides limited depth of penetration (about 1 mm) (1) . In cases of media opacity (dense cataract, leukoma, vitreous hemorrhage), the US exam may predict some macular features and provide further assistance for surgery as well as prognosis (1) . Knowledge and understanding of the structure, function and the relationship of the vitreous to some specific ocular diseases is more limited than that of any other ocular structure. This limitation is largely due to clinical difficulties in visualizing the vitreous and the lack of effective methods to study it (4) . High-resolution B-scan US is commonly available to ophthalmologists around the world. If used with the proper technique, this technology may improve understanding of the relationship between the posterior hyaloid membrane (PHM) and the retina in idiopathic MH mainly when associated with images provided by OCT (4) . Furthermore, the real etiology and the tractional forces related to the pathophysiology of the MH are not totally clear.
The aim of this study was to evaluate and characterize the data provided by 10 and 20-MHz US and the spectral-domain OCT in MH exploration, as well as to analyze the relationship between the vitreous cortex and the retina in eyes with MH.
METHODS
This study was carried out under a protocol approved by the Ethics Committee of Federal University of São Paulo, Brazil under number 0709.
Twenty-nine eyes of 22 patients with biomicroscopy evidence of MH at different stages were included in the study from May to October 2009 (6 months). Patients were evaluated with slit lamp and 75 D fundus contact lens to a clinical diagnosis of evolving or full-thickness idiopathic MH. Gass classification of MH was used (5, 6) . Ophthalmic ultrasound evaluation using 10-MHz and 20-MHz transducers (Ultrascan ® , Alcon) and A-and B-mode was performed with direct contact technique, after topical anesthetic instillation of 0.5% proxymetacaine hydrochloride (Anestalcon ® , Alcon, USA). Longitudinal, transverse, axial, and paraxial sections through the macula were studied by using both high and medium gain settings (70-80 dB) to detect vitreous abnormalities following by the attenuation of gain (65 dB) to evaluate the macular area. We compared the resultant images obtained from the 10-MHz and 20-MHz ultrasound probes, regarding the resolution (or the definition of the structures images allowing them to be properly distinguished) and the sensibility (or the capacity to detect the same structure with a lower gain).
The same eyes submitted to US evaluation were also analyzed by SD-OCT (Spectralis ® , Heidelberg Engineering, Inc., Germany) after pu pil dilation using 1% tropicamide (Mydriacyl ® , Alcon, USA). Regarding the technical parameters of the SD-OCT, 40000 A-scans were acquired per second using an optical resolution of approximately 7 mm in depth (axial resolution) and 14 mm transversally (lateral op tical resolution). For the A-scans the scan depth was 1.8 mm/512 pixels, providing a digital axial resolution of 3.5 µm/pixel, per volume scan of 20x15 degrees. B-scans covered a transversal range of 15, 20 and 30º field of view. Vertical and horizontal OCT scans were placed in the area of interest with reference to the vitreoretinal interface. In addition, 3D volumetric OCT scans were acquired for comprehensive analysis of the entire retina and, therefore, for 3D mapping of pathologic changes within the retinal layers.
Both OCT and US images were assessed by two independent observers who were unaware of the diagnosis (NA and VT). MH was classified by OCT evaluation in stages I to IV based on the Gass' classification (6) . Any evidence of epiretinal membrane (ERM) was noted as well as the presence or absence of posterior vitreous detachment (PVD).
RESULTS
The study included 22 patients with biomicroscopy evidence of MH, six men (27.28%), 16 women (72.72%), mean age of 64.89 years (range 12 to 76 years) as in table 1. The 12 year-old patient had a traumatic MH. Seven patients (31.81%) had impending or full-thickness MH in the fellow eye at presentation. Four eyes had previously been submitted to vitreoretinal surgery for MH repair.
All patients presented with symptoms that included decreased vision, distortion, central spots and/or some degree of metamorphopsia in one eye (15 patients) or both eyes (7 patients). Macular area fundus biomicroscopy identified 29 eyes with MH. SD-OCT identified MH in 25 of 29 eyes. Four eyes had, in fact, pseudoholes caused by ERM.
In MH stages I (2 eyes) and II (1 eyes), both 10 and 20-MHz US we re not a useful tool to analyze macular thickening. In certain cases, suggestive findings of maculopathy such as macular irregularity and image consistent with prefoveal operculum and perifoveal PVD were highlighted ( Figure 1 ). In these cases, OCT was superior to US since it clearly defined the outline of the hole (Table 2) .
In MH stages III (14 cases) and IV (5 cases), both US probes identified the double hump irregularity and thickening of the ocular wall. Ultrasound could measure the macular thickness and identified other suggestive ultrasonographic findings as operculum, vitreomacular traction (VMT) or partial perifoveal PVD: still attached to the papilla (stage III) (Figure 2 ) or completely detached from the posterior pole (stage IV) (Figure 3 ). Ultrasound detected partial PVD with perifoveal vitreous detachment in 20 of the 29 eyes analyzed (68.96%). In the remaining 9 eyes, 5 had total PVD, 1 was unclear by either OCT and US, and 3 had previously been submitted to pars plana vitrectomy. However, the OCT performed in the same 29 eyes was able to identify the partial PVD in only 13 eyes.
In all cases, OCT provided the advantage of a more precise measurement of the MH dimensions. In cases of pseudoholes (4 cases), nal tissue and internal limiting membrane to release the tangential traction (3) . Moreover, the differentiation between VMT and PVD, by a noninvasive technique, is inevitable and decisive for further surgical or pharmacological treatment and the B-scan US served as the most reliable noninvasive technique, between biomicroscopic and OCT, to assess the status of posterior vitreous cortex prior to vitrectomy (18, 19) ( Figure 4 ).
In the current study, MH was detectable by both 10 and 20-MHz ultrasound transducers, with different findings, concerning each spe cific stage ( Table 2 ). The 10-MHz ultrasonography was useful for an overall assessment of the vitreous body, its mobility, and the relationship between the posterior hyaloid membrane and the retina, as well as the position of the posterior vitreous face. The 20-MHz examination was able to provide valuable information on the analysis of the vitreomacular interface and macular contour. 10-MHz systems may be advantageous compared with 20-MHz systems where deeper penetration is important (choroid analysis, i.e.). It has superior sensitivity than the 20-MHz probe and can be used to examine low intensity scatterers, such as weakly echoing vitreous structures that cannot be easily seen using higher frequency probe (20) . Meaning that, to give similar display strength of structures seen with the 10-MHz probe, the 20-MHz required a higher gain setting than the 10-MHz probe (20) . Otherwise, the comparatively superior resolution of 20-MHz systems relative to 10-MHz can provide an advantage in axial and lateral resolution for imaging of the posterior segment that can increa se diagnostic capability for subtle retinal pathologies. The 10-MHz probe does not provide as good definition as the 20 MHz probe, and can suffer from saturation of the image (20) . These findings are in accordance with the results obtained by Hewick et al (20) . Nevertheless, it is important to consider that, for the complete assessment and analysis of the vitreoretinal interface and status of the posterior vitreous cortex, both US transducers of 10 and 20-MHz are complementary and provide additional information.
The ultrasonographic exam for MH stages I and II demanded a very rigorous examination protocol. US images were suggestive when associated with pseudo-operculum or shallow localized separation of posterior hyaloid from the perifoveal retina, when it could be detected a thin membrane with fine anteroposterior vitreous fibers and vitreomacular adhesion, associated with a slightly irregular retinal surface.
US identified irregularity of the macular contour as well as a discrete depression. OCT identified an operculum in 13 eyes, while US highlighted only 9 of them (69.23%).
DISCUSSION
The advent of OCT provided unprecedented visualization of the vitreomacular interface, which has led to a better comprehension of MH formation (3) . This cross-sectional imaging technology has allowed investigators to study, in a non-invasive manner, the disease processes that were previously unrecognizable by biomicroscopy alone. Vitreomacular adhesion plays a larger role in retinal disease than was previously understood (7) . OCT is still the gold standard for the diagnosis of macular diseases, unless in cases of opaque media when images cannot be acquired, or when OCT devices are not available. In these conditions, the combined ultrasonographic study using 10 and 20-MHz can provide a valid evaluation of the vitreoretinal interface (8) . Macular hole can occur in either gender, at any age, with no racial predilection (9) . The incidence in women is higher, that may be attributed to the earlier onset of PVD due to premature vitreous liquefaction, probably associated with declining estrogen levels in the postmenopausal period (10) . This profile is also seen in ERM, another condition considered to be a complication of PVD (11) . In this study, evidence of MH was present in 16 women (72.72% of the patients), in accordance with other studies (10, 11) . Nowadays, vitreofoveal traction is believed to be important in the pathogenesis of idiopathic MH. Since Gass has described its early stages, the development of this pathology was attributed to tangential traction of the prefoveal vitreous cortex resulting in a foveal dehiscence that can progress from foveolar detachment to a mature full-thickness MH (5, 6) . However, Gass' theory has been modified after the advent of new technologies, as SD-OCT and US.
Some susceptible patients have abnormal and strong vitreomacular adherence, causing persistent foveal traction with perifoveal detachment, which is universally associated with the earliest MH stages. The continuous anterior traction of the slightly detached vitreous cortex appears to be a major contributing factor to MH formation. Both types of traction: anteroposterior and tangential, might be combined in some cases. Tangential traction may also be the result of glial cell proliferation onto the perifoveal internal limiting membrane and may explain the persistence and enlargement of MH, in some specific cases, even when the posterior hyaloid spontaneously detaches (3) . Hikichi et al. reported that complete PVD can prevent MH formation or further deterioration of visual acuity in most eyes with full-thickness MH (12) . Further, recent studies about pharmacovitreolysis (Ocriplasmin ® , ThromboGenics) demonstrate that the induction of both liquefaction and separation of the vitreous from the retinal interface can result in increased rates of PVD and MH resolution, avoiding surgical procedures. Resolution of VMT and MH resulted in visual improvement in most patients (13) . These findings also contribute to the theory of anteroposterior traction as an important role to MH formation. Mechanisms other than VMT may additionally contribute to the development of MH, such as hydration of retinal edges after dehiscence formation, foveal degenerative changes (14) (15) (16) and the diameter of the vitreous attachment in eyes with PVD correlated with induced changes in foveal anatomy (17) . In the current study, US detected partial PVD with perifoveal vitreous detachment in 20 of the 29 eyes analyzed (68.96%). All patients with stages I and II had evidence of VMT, corroborating to the theory that the anteroposterior traction is generally associated with earlier MH stages.
The main value in understanding pathogenic theory is to identify possible therapeutic implications: a vitrectomy with the aim of resolving anteroposterior traction could be the main goal of a surgical procedure when the vitreous face is not totally separated from the edge of the MH. Otherwise, when no anteroposterior traction is shown by OCT or US, the surgeon would attempt to remove epireti- Considering MH stage III, the ultrasonographic findings were variable macular thickening, double hump irregularity, with or without images consistent with prefoveal pseudo-operculum (small echodense opacity suspended anterior to the foveolar area) and attached to a thinner echodense linear opacity that appeared to connect to the prepapillary glial tissue nasally, suggesting the diagnosis of a partial PVD.
For MH stage IV, a mobile echodense linear opacity ring (suggestive of the Weiss ring) was detectable anterior to the retina, characterizing a total PVD. This was more prominent during kinetic exa mination; macular thickening, with double hump irregularity was also detected. Ultrasound was more sensitive than OCT in detecting the relationship between the PHM and the MH, therefore the US may be a useful adjunct in the differentiation between MH stages III and IV. In cases of ERM, US identified irregularities of the macular area contour. A discrete depression could be detected in some cases, usually associated with complete PVD. All these findings related to the vitreous status and macular contour, in cases of different stages of MH, were in accordance with other studies (4, 20, 21) . OCT, however, enjoys significantly better resolution and sensitivity than US and remains a better tool for the morphological study of macular diseases, unless in cases of opaque media or to accurately demonstrate the position of the posterior vitreous face. Moreover, OCT is limited to the central fundus because images are acquired through the pupil, so the vitreous body cannot be evaluated completely. There are limitations on OCT that may lead to an underestimation of the true incidence of VMT, as missing sites of vitreoretinal adhesion, inadequate reflectivity of vitreous, vitreous ele vation outside the focal range or peripheral PVD, media opacity or poor patient cooperation (22) . The clinical role of US must be placed in the context of what is and is not achievable with OCT. Under certain circumstances, as in the presence of optical media opacity, when the stage of the complete vitreous body is imperative, as in cases of MH, or even when OCT devices are not available, the ultrasonographic study can be use ful and offers information complementary to that obtained by OCT, mainly related to the vitreous body (1) . Furthermore, it is expected that the evolution of ultrasound will move in several areas: scanning instrumentation will become cheaper and more widely available and transducer technology will evolve to allow greater depth of field and spatial orientation maintaing or even gaining resolution (23) . In conclusion, US of the macular area, when used with a proper technique, may be a complementary tool to OCT and can improve the understanding of the relationship between the posterior vitreous cortex and the retina. OCT remains better for the fine morphological study of macular details in eyes with MH. In cases of opaque media or when OCT cannot be performed, the combined US study not only affords a valid evaluation of the macular area, but also gives useful information related to the vitreomacular interface, thus improving therapeutic approach.
